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All-sky solar heating of the atmosphere by light-absorbing aerosols
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from: Chung et al. (2005) via Ramanathan and Carmichael (2008)

Solar heating of the atmosphere by aerosol absorption of sunlight is widespread in the tropics, subtropics and
Asia. But global observations do not yet discriminate the distribution of light-absorbing aerosols from all aerosols.
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AIRS day minus night air temperature
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Daytime air temperature is generally greater
than night time air temperature nearly
everywhere.
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See also: Wallace, J.M. and D.B. Patton, MWR, 98, 7, 548-552, 1970.
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AIRS day minus night
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MERRA2 1980-2020

1.6

Indonesia/Java Sea
1000 - 950 hPa

In MERRAZ2 reanalysis with aerosol assimilation, the day minus night
temperature contrasts increases systematically with the absorption
aerosol optical thickness.
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AIRS day minus night Over the southeast Atlantic Ocean smoke overlays
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Exploring spatio-temporal variability of light-absorbing aerosols and

lower-tropospheric air temperature
via Principal component analysis - Lakhima Chutia (U. lowa)

30°N

20°N-

10°N+

BC aerosol emissions (annual)

60°E 70°E  80°E  90°E
[ f— |
0 2 4 6 8 10 12

Kg m?s!

CO emissions (spring)

30°N

25°N

20°N

15°N

10°N

== Mode 1, 12.8% '
e o

15°%E 80°E 85°E

t Mode 3, 8.2%

el : !

30°N [
25°N
20°N

15°N

- Mode 2, 11.2%
- 0.8
0.5

0.2

0.0

10°N [

i
i a B :
; i 0.2
i : i
H ¥ i
g ! 03
i ; i i
= B
o B B :
- ' &
70°E 75°E 80°E 85°E 90°E 95°E -1.0

1.0

0.

@

0.

w

0.2

0.

o
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Exploring spatio-temporal variability of light-absorbing aerosols and
lower-tropospheric air temperature
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Exploring spatio-temporal variability of light-absorbing aerosols and
lower-tropospheric air temperature

Day - Nighttime Temp (925 hPa)
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925 hPa day minus night temperature contrast correlates roughly Mode 3 of the day minus night temperature
with the principal components of CO variations. variability roughly correlates with mode 1 of
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Exploring the consequences for atmospheric waves of spatio-temporal
variability of light-absorbing aerosols — Farnaz Hosseinpour
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African easterly waves occur as oscillations about the mean flow of
the African easterly jet. The waves coincide with radiative forcing of the atmosphere
Short period waves are in the 2-6 day range. by dust outflow from the Sahara Desert.

Long period waves in the 6-11 day range.
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https://doi.org/10.5194/egusphere-2022-1210



Exploring the consequences for atmospheric waves of spatio-temporal
variability of light-absorbing aerosols — Farnaz Hosseinpour
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< DRI

and low-dust conditions.

Hosseinpour and Wilcox (2023) preprint in AMTD
https://doi.org/10.5194/egusphere-2022-1210



Summary

In several oceanic regions, the day minus night temperature contrast appears to be a reliable indicator of the atmospheric
heating from light-absorbing aerosols.

Day minus night contrasts in cloud cover and cloud-top pressure/temperature from multi-year satellite records indicate greater
low cloud cover and lower cloud tops with greater light-absorbing aerosol in the lower troposphere.

So far, we have explored these relationships in places where we know there is an effect and there are related in-situ and/or
modelling studies on the effects of light-absorbing aerosols. We are now exploring principal component analysis (PCA) and

combined-PCA to better characterize the spatio-temporal variability of atmospheric temperature related to aerosol variations.

In addition to cloud responses, there may be dynamical responses to light-absorbing aerosols, such as adjustments to the
Atlantic ITCZ and African Easterly Wave activity to atmospheric heating.

Also, a MODIS poster:
“Deep convective cloud systems across the global tropics and subtropics”, Eric Wilcox, Tianle Yuan, and Hua Song. A MEaSUREs-

funded project to develop cloud object datasets from MODIS (T. Yuan, PI).
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